
RAQ’s 2020 Scientific Programming 
In its 2016 report on the global state of fisheries and aquaculture, FAO launched the Blue Growth 
Initiative. This initiative promotes activities favouring the sustainable management of aquatic 
living resources by combining exploitation and conservation to achieve economically, socially, and 
environmentally responsible development. We refocused our scientific programming on 
sustainable development issues related to aquatic resources to provide the innovative tools and 
increased knowledge necessary to implement such an initiative. The following figure is a 
schematic representation of these issues.  
 

 
 
Our programming is divided into four main areas: 1) Aquaculture, 2) Fisheries, and 3) Processes, 
all of which converge on the fourth area, 4) Sustainable development of aquatic resources. 
 
Aquaculture research and innovation focus on aspects of animal health and nutrition as well as 
on the selection via genomics of strains better suited to climate change. This research also 
includes the development of production systems that optimize the environment’s capacity to 
support aquaculture by reducing environmental impacts related to the release of phosphorus and 
aquaculture sludge and by eliminating the use of unsustainable therapeutic agents (e.g., 
antibiotics). For fisheries, research is required to define stock structures, determine their 



production and the mechanisms controlling recruitment, and learn the requirements for and 
consequences of stocking with the aim of sustainable exploitation through ecosystem 
management. This fundamental integrative research area links aquaculture and fisheries to drive 
applied research. Our process-oriented program will be geared towards the “omics” sciences—a 
rapidly growing field; ecophysiology, which is increasingly relevant in the context of climate 
change; the holobiont to improve our global understanding of health, evolution, and ecology, 
which is essential to species’ conservation; and chemistry to make better use of exploited 
resources. Finally, our program addressing challenges related to the sustainable development of 
aquatic resources is vital to reveal the scope of socio-economic aspects necessary for sustainable 
development. For this component, research integrating climate change, food security, the value 
of by-products, and environmental quality will be favoured so as to promote food sovereignty 
and transformative governance. 

 
Description of research programs and themes  
 
1. Aquaculture program Céline Audet 

Increasing the productivity and sustainability of aquaculture enterprises requires advances in 
nutrition and disease control, genetic improvement, and production innovation. Our overall 
objectives related to the aquaculture program are to: 1) develop sustainable ways of protecting 
against disease, 2) develop tools to help estimate the health status of organisms, 3) increase 
knowledge about disease susceptibility, 4) develop feeds that are better suited to the principles 
of circular economy, 5) better define nutritional needs and digestive physiology, 6) develop 
genomic resources to better understand the genetic basis of performance, 7) support genetic 
improvement programs, 8) identify gene networks associated with the expression of phenotypes 
of interest, 9) improve our understanding of metamorphosis, and 10) improve production 
techniques. 

 
1.1 Theme: Health and animal nutrition  

Mass production exposes aquatic organisms to stressful conditions that favour the onset of 
opportunistic diseases. The prevention and control of diseases in aquaculture has mainly relied 
on antibiotics, although their usefulness has been called into question. In this context, the use of 
probiotics is a promising approach. The bacteria A. salmonicida creates a heavy burden on the 
industry, and RAQ researches are developing innovative methods of prevention and treatment. 
The feeding regimes of farmed animals is directly linked to their health. A high-performance diet 
would allow better production, optimal growth, and more resistant animals. A better definition 
of nutritional needs and physiological interactions is therefore necessary to not only improve the 
digestibility of food, but also to obtain a higher-quality product and reduced environmental 
impacts. 



1.2 Theme: Using genomics for strain selection 

Another way to increase the productivity of aquaculture species is through genetic breeding 
programs focused on physiological performance, production performance, and pathogen 
resistance. By integrating the latest tools in genomics, RAQ researchers have recently achieved 
significant advances in genomics and in the identification of molecular markers related to 
phenotypic traits of aquaculture interest. Genetic improvement is a broad area involving several 
of our members, and our researchers will intensify and diversify their work in this area. 

 
1.3 Theme: Development of production systems optimizing the environment’s support capacity  
 
Improving production tools and techniques is another way of improving aquaculture yields and 
profitability. Several researchers from different fields are involved in this research, and 
engineering expertise plays a key role. For many species, aquaculture is practiced directly in the 
natural environment, and organisms experience large environmental variations. A good 
understanding of their ability to adjust to these variations is essential to improve operational 
practices and management. Rearing conditions are continuously being optimized for species 
raised in controlled environments and for the rearing of different developmental stages. A 
growing area of interest is the production of microalgae; engineering expertise has led to 
computer models (photobioreactor) that can adequately describe the metabolic responses of 
microalgae to various conditions. 

 
2. Fisheries program Dominique Robert 

Fisheries are confronted with growing problems related to overexploitation, the return of certain 
species, and habitat degradation. To face these challenges, it is crucial to acquire new knowledge. 
To this end, we have defined several objectives: 1) characterize the diversity of exploited natural 
populations, 2) define the spatial structure of populations and connectivity between habitats, 3) 
document the ecological and physiological characteristics specific to each population, 4) determine 
the current state of populations and the quality of recreational fisheries, 5) provide the scientific 
skills to support eco-certification and product traceability, 6) determine the performance of young 
stages and recruitment success, 7) examine the relative importance of sex-related growth 
dimorphism, 8) measure the biological and socio-economic impacts of stocking, and 9) assess the 
effectiveness of new approaches of population monitoring, such as environmental DNA. 
 
2.1 Theme: Defining stock structure 
 
The goal here is to move towards the predictive management of exploited stocks to optimize 
exploitation while at the same time ensuring resource sustainability for future generations. Our 
scientists acquire knowledge to better define the management and conservation units for several 
exploited species. Determining population structure, connectivity, local adaptation, and 
physiological mechanisms are essential for the proper management of fishing efforts. 



Environmental changes strongly influence the response of exploited species, and it is crucial to 
have knowledge on these to allow better planning. The approaches developed by our research 
scientists are original and innovative; for example, connectivity between populations is measured 
with several tools combining population genomics and the chemistry of calcified structures (e.g., 
otoliths). 

 
2.2 Theme: Productivity, including mechanisms controlling recruitment  
 
The biological characteristics of several economically important marine species are not well 
known, especially processes related to recruitment. Knowing what factors influence recruitment 
are important not only for natural populations, but also for the capture of young stages of 
exploited bivalves as well as revealing the interrelationships between production and 
preservation of naturals stocks. It is vitally important to understand the factors controlling 
recruitment, especially in the context of environmental change: it has been widely demonstrated 
that early life stages are the most sensitive to environmental variations. The impact of 
recruitment on population structure needs to be better defined for sustainable management of 
exploited resources. 

 
2.3 Theme: Needs and consequences of stocking to support fishing activities  
 
An important management measure in stock maintenance is the practice of massive seeding or 
stocking; this is done especially with salmonids, but also with other species like lobster and striped 
bass. Important work is being done to quantify the costs and benefits of stocking to increase 
exploitation by the fishery. For efficient management, it is important to identify the impacts of 
stocking—such as potential genetic erosion—and to develop mitigation methods with the 
industry to reduce possible negative impacts and, above all, to increase the yield and performance 
of introduced stocks. 

 

3. Processes Program   Isabelle Marcotte  
 
This fundamental research program integrates aspects of aquaculture and fisheries with the 
aim of using acquired knowledge in concrete applications. Any development in applied science 
is based on sound fundamental knowledge. In this program, we encourage the acquisition of 
knowledge required for the objectives identified in the Aquaculture and Fisheries programs. 
This program is addressed within different objectives: 1) determine the adaptive potential of 
different ontogenetic stages in a context of global change, 2) identify transgenerational impacts, 
3) increase our overall understanding of factors affecting the health status of organisms, 4) 
develop integrative approaches to ecological and evolutionary mechanisms facilitating the 



preservation of exploited species, and 5) develop innovative methods and processes for the 
development of molecules of interest. 

 
3.1 Theme: Ecophysiology  
 
The field of ecophysiology combines elements of physiology and ecology; it focuses on issues of 
interest to both fisheries and aquaculture. This discipline is ideal for the study of the behaviour 
and performance (survival, growth, and reproduction) of exploited organisms. Several projects 
on different issues and different species—ranging from microalgae to fish—are conducted, 
favouring an integrative and collaborative approach among different researchers and leading to 
knowledge on the response of animals to environmental conditions. 

 
3.2 Theme: Holobiont  

The holobiont is a new original concept that recognizes the essential role of symbiotic microbial 
flora to the host organism’s survival (animal or plant). This approach is revolutionary in achieving 
an integrated understanding of the physiological performance of host organisms and their health. 
Despite the novelty of the concept, RAQ researchers are already applying it to important aquatic 
species exploited in Québec. 

 
3.3 Theme: Omics sciences  

The so-called omics sciences (genomics, proteomics, metabolomics, lipodomics) are a broad area 
of research with rapidly evolving technologies. This area of research generates increasingly 
complex information that require a solid expertise in bioinformatics, mathematics, and modeling. 
RAQ researchers have been active in this area over the last few years, and recent major grants 
from Genome Canada and Génome Québec will allow them to continue advancing their work. 
 
3.4 Theme: Evolution and ecology 

Evolutionary biology and ecology share the same goals of documenting variations and 
mechanisms that can be observed in natural systems. RAQ researchers are interested in the role 
of historical and contemporary factors in processes leading to the emergence of new species and 
adaptive population divergence by combining genomic and phylogenetic analyses with laboratory 
experimentation. The results form the basis of a rigorous definition of what units to use for 
species management and conservation. Ecologists work at another level by explaining observed 
population and community variabilities as the effects of abiotic and biotic factors. Ecologists and 
evolutionary biologists often work together to carry out studies on landscape genomics that aim 
to understand the role of environmental factors on the genetic structuring of populations and the 
maintenance of diversity. 

 



3.5 Theme: Chemistry  

As with omics, chemistry is another area that benefits from rapid and impressive technological 
change. Mass and infrared spectrometry, chromatography, and nuclear magnetic resonance are 
increasingly powerful tools that RAQ chemists use to better describe the molecular structure of 
exploited aquatic organisms and the factors influencing them. 

 
4. Sustainable Development Program Steve Plante  
 
The sustainable development of aquatic resources is challenging due to a societal imperative 
involving contrasting activities: exploitation and conservation. This program is based on the 
need to protect ecosystems so as to ensure food security while maintaining economic 
development. The complexity of sustainable development requires a multi-disciplinary 
framework. Our objectives are: 1) to increase the resilience of exploited ecosystems by 
integrating aspects of management methods, mitigation techniques, economic concerns, and 
stakeholder perceptions, 2) to identify new alternative sources of ingredients for the diets of 
aquaculture species, 3) to propose innovations in the marketing of exploited organisms, 4) to 
increase knowledge concerning interactions between environment and society, allowing 
governance that favours sustainable development. 

4.1 Theme: Climate change  

The ecological consequences of climate change on the animal and plant communities that are 
exploited in coastal ecosystems are expected to be severe. Climate change not only affects the 
immune system, metabolism, reproduction, and larval survival of animals, it also affects the entire 
food web, and thus the ability of organisms to feed. As a result, the resilience of exploited 
ecosystems is intimately linked to the question of whether the populations concerned express 
sufficient (epi)genetic variation to adapt to climate change. 

4.2 Theme: Food security  

Food insecurity is a major problem in northern Canada, including northern Québec; it is twice as 
high as for all other Canadian households. Fishing has always been an indispensable cultural 
component of the livelihoods of northern First Nations. However, many complex socio-ecological 
factors, such as regulation, access to resources, climate change, environmental damage, and 
pollution from large dams and mining projects limit the use of fish products. 

 
4.3 Theme: Enhancing by-product value 

The ingredients used for aquaculture feed, especially flour and fish oils, are subject to significant 
competition among the different sectors of use, which increases the price and availability of these 
products. Even ingredients that are typically used as alternatives in aquaculture feed are under 



the same kind of market pressure. As a result, our researchers are increasingly interested in 
identifying value-added by-products that require specific transformations to make nutrients more 
accessible or to remove non-nutritional factors. RAQ researchers are also interested in valuable 
components of microalgae, such as lipids, proteins, and pigments; by-products of mussel byssus 
for the development of biomaterials; and the development of properties of fish flesh that fight 
cardiovascular diseases in humans. 

4.4 Theme: Environmental quality  

In the context of the responsible exploitation of aquatic resources combined with an environment 
in upheaval and a desire for openness and development of Northern Québec, the environment 
has become a crucial issue where inputs and outputs must be considered. The nature and quality 
of the environment are inseparable when considering the feasibility of aquaculture production 
and resource exploitation. Our researchers are not only active in estimating the interactions and 
impacts of operational procedures on the environment, but also in developing novel mitigation 
approaches. Finally, predator–prey interactions are an active study area for RAQ researchers. 


